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Fate ana Distribution af 3H-Labeled T-2 Mycotoxir in Guinea Figs. Face,
J. 5.. Watts, M. R., Dinterman. R, £., Matson. C., Burrews. E. P., Hauer, E.
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pctant cvtotoxic metaboiite orcduced bv the Fusar:ius
ies, The fate and distributicn of [34I-ladeled T-2 toxin were
swamined :n ®ale guinea pige. Fad:cactivity wae detected in ail bodv

tizsues within I0 min after an im injectien of 2n LDso dese (1.04 mastg)

n
"+
va.
£
«©

¢ T-Z *aox:n, The olasma concentration curve of radioactivity vercu
was @uitiphasic, with ar Initial abserpt:ion halé-lifs (T,,2,a} 2% less

than 6 main, The inttial heié-l:%e of elimination (T,,2,g’ was !.8 hr.

Bile contained a large amount of radiocactivity which was 1dentified as MNT-C,
d-deacetvlineosoianial, 3'hydroxv HT-2, 3 hvdroxv T-2 triol, and several
mare-gaiar unknowns. These T-2 mnetaboliites are excreted érom liver +1a bile
into the intestine. Within S days, 75% of the total radisactivity wae
axcreted :n urine and feces at a ratio of 4 to |, The aspearance o¢
radicactivity in the excreta was biphasic (Ty,2,a =2.2 hr, 1.3 davs and

3.2 hr, 1.7 days, for urine and feces. respectively). Metabolic derivatives
¢f 7-2 excreted in urine were T-2 tetraol, 4-deacetvlneosolaniecl, 3 hvdroxy
H7-2. and several unkrowns. These studies showed a rapid apoearance :a and

subsequent loss of radioactivity frca tissues and bpdy fiuids., However,

4
o
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radicactivity (103 dpm) was sti1ll! detectable in tissues at 28 davs.
2i1stribution patterns and excretion rates suggest that liver and kidnev are
the arinzipal organs of detoxicatiaon and excretiosn 28 T-2 toxin and 1ts

netabol:tes.
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T-2 toxin, idg,15-d1acetoxy B0-iJ-methvlibutyrylosyvi-I%-nydroxv- 12,13~

223..trichothec-S-9ne}), 13 a toxic metabol:ite oroduced bv the Fusariuse

species cSampurg et 3l., 19:2%a: desro, 1977, 19845, T-2 1€ a potent
tahisthor 9« 2urar,2tic orotern synthesiz ‘uenc et si,,137I3: MciLaughlin

sarocungs. These :zomoounrds are coteotourc to cultured animal celis 'Ueno et
3...:%75; Tromecson ang wanremacher, 1582%, siain tissue (Bampbur] et

Doot3s2hy Lero et 3l,, 15700, 2nd scriesly aierging celiz ‘Zaitc oang
Intzuzz, 1974, artr sar.ing tourzities relatag tootneilr fnemical structures
Lerag, 1377 ..

Sg.era! lahgratariez have reportec con the aetabelisa of T-2 torinm i
anmirals, ™Mrc2 and rats aetansiize T-D o <T-2, necszoianici, and several

antacwns Matsumoto e? ai., 1975, while troiler chizciens metadolize the
toz1a ta T-2 tetracl, d-deacetvinecsalanic! and saveral uninowne :Chy et
ai., 1978: Yosh:izawa et al., 1980}, In the lactating cow :hosnizama 2t
3l., 1981, 1982y, T-2 :s metapoi:zed %o H7-2, neoszlanizi. 3-
deacet;lnecsclanicl, T hvdroxy T-2. and 2 hvdrox, MT-2Z. These studies show

that T-2 mav be metabel::zed i1nto productz cf equal zr lessar toxicity

fecause T-2 toxir. 1s raoi3iv wetabolized. crevious studies were
Igncarned with the $1rgt 49-77 hr pericd after tne agministratign cé the
t1n,  In cases of human toxicoses. saaples are cftern obtained at much

3t3- g nzints Miracaa eb a3l,. LS3
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corprenersive stody of Se werabgolisza 3% T-2 over 28 dave. tpec:eicallu., we
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24 radicaztivity aéter 31 single :a 1njection of [34]-laheled T-I touin 1n
the guinea 0:14g. :n %0 doing we hoped tc determine which of the najor

mgradciytes, detected 1n bozv fluids., cauld be gee:s as Zlinica. indicatars
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of trichothecene intoxication,

METHODS
fsagents, T-2 toxin was purchased from Calbiochem-Behring®, éur1ty
was getsrmined to be 99% by thin laver chramatography (TLC) and Bv gés
chromatography-mass spectrometry(BGC/MS)., Standards for TLC (i—z. HT-2, 7-2
trigl, and T-2 tetraol! were purchased from Calbiochem. T-2 toxin was
lateled with tritium in the £-7 position bv MNew England Nuclear® using
the method 2f Wallace et al.,i{ 1977 }. The purity {(93% radiocheaical

purity, specific activity 8.9 Ci/mmo: of «T-2) was determined by HPLL as

well as TLC.

oxfcity of T-2 wycotoxin inm Quinea pigs. To establish the toxicity of an
im tnjection of T-2 aycotoxin in the guinea pig, st (6! ;u:nea'pigs were
injected with 3.0, 2.5, 1.75, 1.5, 1,25, 1.0, 0.75, eor 0.5 mg/kg of T-2
texin in ethanol:glvcerol:water (2:3:5). The LDeeo was 1.04 +/~ 0,25

mg/kg {mean +/- SEM) with a mean time to death of 15.5 hr {(Face et al.,
1983).

Treataent of Ariwals and Sample Collecticn, One hundred and twenty five
male guinea pigs 7 , weighing between 450 and 500 g, were injected in

with 0,5 ml/kg of a sclution containing 2 mg of T-2 toxin and 200 uCi cf

(LDso) (Pace et al., 1983), In the first study. twelve toxin treated

guinea pigs were housed in stainless steel! metaboi:c cages, 2nd food and
nater intake were measured over the 7B dav post-evonsure time pericd. Ur:ine
and feces were coliected daily from those guinea pigs that survived the
toxin challenge, In the second study., guinea pigs were housed in groups of
12 pach and allowed fcod and water ad libituyr. Six guinea pigs were

vitled 3t 0.5, 3, &, 12 hr: 1, 2, 3, 7, 14, and 2B davs. GBuinea pgigs were

0 S am————



selected at randam for necropsy for histopatholegical analvses. The guinea

p1g3 were anesthetizad with 0.8 ml kg of a l:] arvture of tetamine and
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of clasma, urine, and B1le was analyzed oy TLL teo separats and 1dentifv the

tg.1n metahzslites. Frecoated silica gel TLE platesgt'? {Z2¢ x 200 coa,  0.28
am thick! were deve:goed usin: two secuential scglvent systems: (13

chloratoratethylacetateretharci «50:25:25), (2}
chloroform:ethvlacetatesethano! 80:12:10) (Pace et al.., 1983). Mycotex:n
standards were visualizad based on 2 chromegenic reacticn between 4-ip-
nitrebenzy ! pvridine and the 12,13-epoxy groug (Takitami et al,, 1979
ard saaples were scannred for radicactivity with a Bioscan BIRIQ0Q
radioicctopic scanner??, The radioactive zones then were scraced,

xtrazted w:th boiling ethyl acetate, and f:i1itered through a glase weal
plug. Ths f1ltrates were evaperate under a stream of nitrogen. The
rocidups were derivatized with | drcop each 2f rethvlene chinride and
tritluproacetiz anhydride, sealed, and allowsd to ctand at room temperature
1.5-2 hr befcre nitrogen remaval! of *the ligurds . The recidues were
dicsaived 12 3 mi1nimum of acetone and analv:oed immediatelv bv GLC/ME using 3
Yewlern*t Packard 5935 512 ecu:ppeé with 3 2Zm X 0.2 am ID $used s:lica

capillary coluan {cross-iinked OV-!., !l um thick) 1interfaced directl. to

the zource. Sourze temperature was 20990, and EC czonditians were

. Best Available Copv




Distridution. To determine the tissue distrihutxanvda‘ridié;ééivxé;;j;f
weigned sample was oxidizad?3 and the radioactivity detersined in a
tiguid scintilliatian counter. Metabolites have not vet bsen deteramined :n
tissues, |
xinettsvﬁbalysis; The ahsorption and elisination of T-2 toxin were
descr£b§é‘b9 nean§.a§ kinetic parameters, Ka ahd‘K;,‘in‘the.écllawing
equation: |

Cr = Al-g=%,T + p=%.T)
where Cy = concentration in plasma at time T, A = constant, Ka =
absorption constant, Kg = elimination constant, The semilcg plat gf the
conzentraticn against time is a straight line with ¥¢ as the slope
(Karlcg et al., 1978). " The concentration curve is divided inta aysorpticn
and elimsination phases with half-~lives related tc the absufgticn and
alimination constants as follows: Ty,2,a = In2/Ka and Ty,2,.6 =
1n2/Kg.
Statistical analysis, The coefficient of variation, £ = s/mean, was used
to describe the amount of variation in the data. The standard deviation (g)

ey

expressed as a percentage of the mean was less than ar egual to (3%,

RESULTS

General Observations.

Iﬁkguinea pigs receiving an (Dso dose of T-2 toxin, food intake was
narkedly reduced but slowly returned tc norasal by day 7. This reduction 1n
foed intake combined with the intoxzication resulted in an average loses of

body weight af 73 g within 3 days. By I hr post-expasure, the guinea pigs
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starte: te develop hypothermia; their teamperatures reached a nadir cf

IZoC k. 12 hr, Hemctoleozic2)! and morphelagical changes were similar to

re.igusly by de Nicola e 37, 119731,

mal<=lv¢2 nfé T0 n (< 1 ingerl T} n F3necs ae radinectivity in tna
fale=i1t2 0 g o tF1g 1, lhgesr), D€ 3gpoearinig oOv ragloeltlivioy 1 -a2

excreta as biphasic with initial absorption hali-lives of 0.2 hr 1n urine

W
=
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disappezrance fraom blood (2.2 hr we. :.3 hr),

The :umulative ewxcretion of radicactivitv in the urine and fece; ot the
guinea £ig is shewn in Figure 2. In a five day pericd, 73% cf the total
radicac-ivity was excrsted in the urine and feces at & ratio cof 4:1 (Fig 2,
left verical axis). Radioactivity peaked in urine 24 hr after injecticn of
the tou:a and rapidly decreased over the next 4 days; while in feces, the
radicactivity slcwly increased over the first 5 days. At 28 days

ragicactivity (Zu!1d% dpm} was sti}l detectable in the excreta,
dnalvsisz of Hetadolitesz In Bile and Urine.

The bile, obtained from the gall bladder, had the highest specific
activity (Takble !'and after 12 hr it contained 17% of the tctal administerad
radicactivity (Figure Z}. The biliary aetabolites were identified by
radigisotzpic scanning of a TLC plate**, 1ilustrated in Figure 3, and
structural assignments were made on the basis of electron impact mass

spectra of their GC-separatsd trifiuoroacetate derivatives. Standards (7-2,

~¢

Ar in feces. The appearance cf label :n urine-correlated with its



unknown samplas. QOther structural assignments were basad on the mass

pectral library provided by Mireccha and Pawlosky (personal cammunication).
4-Daazcatvinecedlanial (Yesnhizawa 2t 2l., 1980) was the major aetabolite

42 ugealialang with HT-2 ¢4 ug/ml), Thvdroxy HT-Z (VYesnizawa et af.,
1982 {?.35 pg/ml, in a ratig of 5r3), and 3'hydrcxg»Ff2 trial Cole ot

ai., 1991} (9 ug/ml). Dehydration ot the 3'-hydrn=§i'has been shawn to

ur readily under the triflugrocacetylation conditicone {(Pawlosky et al,,

2

(2}

S84:. Thues. the gresence of the 3 -hydroiy aetahelites was deducad from

o

@ass spectra of mixtures of the respective 2° and 3 -unsaturated camgcunds,
separated by 5C. A typical masc spectrum, that of the 2 -isomer resulting
from I°-pydraxy T-2 trial is depizted in Figure S. The hbase peak at »/:

83 i{s due to the conjugated ester moiety at C-8, and the #ragments above
2/7 200 are charscteristic of I,4-dihydroxy-8,15-~0xygenated 12,13~
epoxytrichcthec~9fe6e trifluorcacetates (Pawlosky ot al., 1984), In
addition, a substantial quantity (21 pg/al) of unidentified trichothecene-
related polar metabolite(s) was found, and is under structural
investigatien. By 24 hr the concentrations of all biliary metabolites had
dacreased d-fold. Figure & is a representative radigchramatogram of the
urinary metabelites of T-2. At 3, 6, 12, 24, 72 nr the major urinary
nevabolites, identified by GC/MS, were T-2 tetranol (3.6 to & ug/ml}, 4-
deacetylneosolaniol (1.4 to 7yg/ml), 3 hydroxy HT-2 (3 tao 4 wgg/ml) and
several more-polar trichothecene metabolites ( 4.7 to 7 pg/ml). The
radicactive peak lccateﬁ at the origin aas campuséd af several metabolites
and comprised 5;202 of the total measured radicactivity. After treatment of
the material that remained at the origin with p-glucuronidase, two

additional less-palar radiolabeled peaks were separated by HPLC. This

suggests that at least one of the components of this peak was conjugated as




”~

Jlucurcnide. By 258 dave T-2 tetracl was *he onlv 1dentified T-2 metaholite.

At 2ll fime goints the urinarv level of unmetabol:i:zed T-2 was telow
dotzction limits viogrmlt,
Jrrtridation of Rasiocactivity,

Recoverv of total administerad radigactivity, excludling carcass iskin
ang 22nel assocratad courts, ranged from 74-107%.  Fadioactivity geawred 1np
tnz 3:lsz a2t 12 Ay, oand 1 the large 1nt2stine at 24 hrz Fig.Ti.

adminystersd radigactivity Zyver the next 24 hr Afrter dav 7, less than 1%
of tne total radisactivity remained asscciatad with the 31 tract., Figures 7

and 5 show the distributicon of label i1nto major tissues. The peak

r

dipactivity 1n most tissues appeared at I0 min, then rapidly declined.

W

Wnile the total counts associated with the kidnev { Fig. 71 were l2ss than
those with the liver, the specific activity {(dom/mg of tissuel was higher in
kidney (Table !). The specific activitias of the heart, brain and testes
wer2 amcng the lowest measured.

Muzcle and {fat depozits (Fig.Z2) contained the highest total counts,

The vaiueg far the percentage of radiclabel :n muscle and fat are

apzroximates based on muscle being 340Y% of the total bodv weight and +at

being 13% of the total body weight, The specific activity 1p muscle was

comparable t that found 17 heart (Table 1},

Fadiolabeled T-2 toxin was distributed in ail tissuee within 30 min




after an'in injection of the toxin. The rapid iscorporation of label
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squastskthat‘tuxi: effects could begin shortiy‘i%férJEzpaéuféﬁto.thé toxin,
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~2cortad using chickan (Chi e ; Yoshizawa 2t 2!,,198G )} and
swine (Rabisaon et al.,1979 } models, with a slightly highef‘cnncentration
sttributable to bile and the 8] tract.

Jur study represents a compraodencive investigatior of ta2 3istrioution
and metabolisa of T-2 toxin past the 72 hr tise point.The plasama
concentration curve shows that radiocactivity can be detected in plasma as
2arly as & min and as late as 28 davs after exposure to the toxin. Even at

the earlisst time peint (30 ainl, we were unable *tr detect unmetaboelizazd T-2

.

{detectiaon lim&t, lug/m!), suggesting that the long-term taxic element is a
metabolite af T-2, écssibly HT-2. The eliminat:an phase of the glasma
concentration curve appearad to be multiphasic du2 ta tha presence of toxin
metabolites,

The distribution and excretion patterns suggest that tha liver 1s the
major organ for metabolism and detcrxicaticn of the toxin., By 30 min, the
liver rapidly metabolized T-2 to HT-2 which, alaong with several more-~polar
netabolites, was eliminated #érom the liver via the bile. This is supported
bv the fact that the specific activity of the hile was highest at every time
po.nt. The bile, therefare, plays an {mportant rcle ian toxin eliminaticon.
Since bile was collected at death and not ccﬁtinuausly, we could not
Jetermine how much radioactivity actually passed through the liver and bile.
However, liver perfusion studies (Pace and Watts, 1983) suggest that during

a single pass through the liver, 704 of the total adeinistered radicactivity

is extracted, and 507 appears in the bile,

{0



“te tisme Jependent zrcgrecs.ion Oof peal radizactivite ¢rce bile 1 mrs.

tI l3-3e iatezstine (14 hrsy o feces (3 dave' suagests that metabolites
.n38rso e teolteratic Iircuslaticn, The slow elimircation of radicactivit:
$rIm tha intastine might alzount for the repu-tad histooathoicgizal lesicns
in tre Gl otract of -codente iErennecie and Neufeid, 1682, These stua:ies
1ulgezt that emteric absorbants, 542t as charccal. mav be Sf zame ganefit gn

studv using orally admxnxgtered toxin (Matsumoto ot al., 1978} meet of the
radroactivsity wae excreted 1n the feces. The major urinary metabolite was
T-2 tetraol, the teow:icity 2¢ which 12 lees than T-2 tau:in (Cole et al,.
1781}, The data suggest that the guantitatisn of T-2 tetraci in urine mav
fe a gaod index of exposure to the toxin.

TLC and SC/MS anaiysis of the urine and bile revealed the sresence cf
several unknown T-2 metabolites w#nich accounted for approximataiy 40-S¢% of
the totai radipgactivity. The metabolic prafile suggests that T-2 texin is

rapidly metabolized to H1-2 which is then converted tao one 2f three

aetabolites ag fallows:

HT-2 7-2 tetraol via d4-deacetylneosolaniel (Yoshizawa et ai., 19E0:
HT-2 S'hydraoxy HT-2 {Yoshizawa et al., 1982}
HT-2 I'hydrowy T-2 triel via T-2 triol ar I hydrouy HT-2

The data presented here suggest *hat further characterization af the T-2
tetraci and polar metabolites in urine will vield valuable information
regarding the metabolism aof T-2 toxin.

In this study we 1nvestigated the absorption, distribution, metabolisa,

11




2=2 2ittrvat1an 3¢ T-2 tcoan and 1ts aetabolitaes i Juinea 3138, The cuined

21y #ffrzient! son.erted T-D to HT-D, which maw further Jeto.ifiea to opclar
aetabolites. The Jetecticw of polar setadeolites in urine as lang as 25 3.5
p%er t2ian agminist-atian suggests that long ters effests 36 T-2 a3 ma.

2@ 3used 3y ,ts wetadaliz products.
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1rtastice @, and zmail intestine (M)and b:l2 (@ 2f guinea pigs atter 3
zinzi2 .a adainistration of ladbelea T-2 toxir. Each point 1s the average of
data obta:ned frome & guinea pigs. The coeffizient of varration was less
than 137,

Figure 4, Represertative radiochromatogras of bile collected from the gall
bladder of quinea gigs administered labeled T-2 tcoxin. TLC standards (7-2,
4T-2, T-2 triol and T-2 %tetracl) are indicated above the scan.

-

ijur2 5. Mass spectrun of the olefin from I hydroxy T-2 triol.

"

t3ure &, Representative radiochromatagram of urine from guinea p13s

mraistarad laneled T-2 tawxin. TLC standards ( 7-2, HT-2., T-2 triol, and

B
ta
i

T-2 tatrasl) are ind:icated above the scan.

ure 7, Drstributiaon of radicactivity in liver (@ . kidney {©@) and heart

-
Y

B o juinea o0:gs after a singl2 1a administration of labeied T-2 tonin,
fEach no1nt 1s the average of data obtained ¢from & guinea p1gs.

»

Figure §. Distribution of radicact:vity 1n auscle '@ and $at O g guines
pigs after a singlie 1e adeinistration of labeled T-I texin. Each point 13

the average of data obtained +rom & guinea D13s.
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Specifi: radioactivity in tissues of guinea pigs after a

T

bsfngle

Table . i

ada:nistration of labeled T-2 tozine

Spectific radiogactivity (dpa/mg wet weight!

Tise (hr)

Tissues - 3 ) 12 24 48 1558 324 872
«i1dnay 275,32 87.% 123.¢ 32,1 12.3 7.6 1.2 .7 L
L1.er 187.39 9.6 54.5 54.8 18.9 19,3 £.2 .9 .4
Lung 141.3 50.8 I2.8 ZB.S g.¢ 3.6 .2 .5 (. 2
Saieen 134.0 98.5 37.3 29.7 2.3 5.5 1.4 g.9 2.6
Adrenals 121 3 28.s 16.8 13.95 &.6 3.8 .9 2.e 2.4
Fat 120¢.3 54,8 42.93 16.9 8.5 3.0 1.8 1.9 0.2
Heart 14,8 24,0 14.¢ 7.7 S.t Z.4 4.4 3.3 0.2
Muscle 7+.9 44,1 3i.6 2.4 7.6 S.s 1.7 9.3 g.1
Testes 5.7 48,2 36.3 40.1 15.% 4,1 .4 J.4 3.2
Srain. 3¢, 8 15,9 7.3 3.8 4.1 2.4 .9 J.2 d.2
Plasma® 9,9 29.8 23.7 26.7 9.5 7.1 2.0 0.7 Q.8
B1]aes 247 281 338 55142 1673 59%€ 30 3.8 1.0

“Mean values for s‘x guinea pigs. The coefsicient of variation was less

than 15%.

Tritiua~!labeled T-2 was administered at a dose of | mg/kg or

2.38 % 10% doa/kg tady weight.

“Specific activity of plasma is expressed in units of dpam/al.

“Specific activity of bile is expressed in units of dom/pl.
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